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IN-FIELD CONFIGURATION OF LAND
SURVEY SENSORS

BACKGROUND

1. Field of the Invention

Implementations of various technologies described herein
generally relate to methods and systems for configuring land
SUrvey Sensors.

2. Description of the Related Art

The following descriptions and examples are not admitted
to be prior art by virtue of their inclusion within this section.

Typically, land surveys may be performed for the purpose
of geotechnical projects, such as hydrocarbon exploration.
Land survey sensors may be deployed 1n the area to be sur-
veyed based on a plan devised by a geophysicist. The nitial
plan may simply describe a pattern within which the sensors
are 1o be placed. The pattern usually describes the relation-
ships of sensors to each other in the deployment. These rela-
tionships may describe vertical and horizontal distances
between individual sensors and/or rows of sensors.

Once the pattern 1s devised, a survey team may i1dentify
coordinates within the survey area where the sensors can be
deployed according to the pattern. The survey team may use
an actual map of the area to identify potential obstacles 1n
deploying the sensors according to the pattern. Based on the
positioning ol roads, rivers, private property and the like, the
survey team may modily the pattern i order to plan the
physical deployment of the sensors.

Once coordinates have been determined for the sensors’
deployment, a survey crew may place markers at the coordi-
nates for each sensor. The markers may include flags, pegs, or
even colored bags of sand. The crew may then later deploy
cach sensor at the positions of the markers.

In some circumstances, conditions on the ground may pre-
vent the placement of a sensor at the planned coordinates. For
example, some of the markers may have been removed belore
the sensors are deployed. Further, soil conditions at the
planned coordinates may impede sensor deployment. For
example, rocky soil at the planned coordinates may make
digging impractical. Accordingly, the survey crew may place
the sensor at a different location near the planned coordinates.

The data collected by the sensors 1s later processed at a data
center to produce images of the subsurface of the survey area.
As such, placing the sensors 1n locations other than the
planned coordinates may introduce errors into the processing,
and the images produced therefrom.

SUMMARY

Described herein are implementations of various technolo-
gies for a method for in-field configuration of land survey
sensors. In one implementation, one or more planned posi-
tions of the sensors may be received. One or more actual
positions of the sensors be determined. The actual positions
may be sent to the sensors while the sensors are powered off.

In another implementation, a plurality of sensors may be
disposed 1n a survey area. A handheld device may be used for
configuring the sensors. The handheld device may receive
one or more planned positions of the sensors. The handheld
device may determine one or more actual positions of the
sensors. Further, the handheld device may send the actual
positions to the sensors while the sensors are powered ofl.

In another implementation, seismic data may be received
from one or more sensors 1n a survey area. The actual posi-
tions of the sensors may be received. The seismic data may be
processed based on the actual positions.
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The claimed subject matter 1s not limited to i1mplementa-
tions that solve any or all of the noted disadvantages. Further,
the summary section 1s provided to introduce a selection of
concepts 1n a simplified form that are further described below
in the detailed description section. The summary section 1s
not itended to 1dentity key features or essential features of
the claimed subject matter, nor 1s i1t intended to be used to
limait the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

Implementations of various technologies will hereatter be
described with reference to the accompanying drawings. It
should be understood, however, that the accompanying draw-
ings 1llustrate only the various implementations described
herein and are not meant to limit the scope of various tech-
nologies described herein.

FIG. 1 1llustrates a land-based survey data acquisition sys-
tem 1n accordance with one or more 1mplementations
described herein.

FIG. 2 1llustrates a land-based survey data acquisition sys-
tem 1n accordance with one or more 1mplementations
described herein.

FIG. 3 1llustrates a flow chart of a method for configuring
land survey sensors in accordance with one or more 1mple-
mentations described herein.

FIG. 4 1llustrates a land-based survey data acquisition sys-
tem 1n accordance with one or more 1mplementations
described herein.

FIG. 5 1llustrates a flow chart of a method for processing

seismic data in accordance with one or more implementations
described herein.

FIG. 6 illustrates a computer network mto which imple-
mentations of various technologies described herein may be
implemented.

DETAILED DESCRIPTION

The discussion below 1s directed to certain specific imple-
mentations. It 1s to be understood that the discussion below 1s
only for the purpose of enabling a person with ordinary skill
in the art to make and use any subject matter defined now or
later by the patent “claims” found 1n any 1ssued patent herein.

The following paragraph provides a brief summary of vari-
ous techniques described herein. In general, a set of coordi-
nates for positioning land survey sensors may be downloaded
to a handheld device. A survey crew may place the sensors
according to the downloaded coordinates. In some circum-
stances, the sensors may be placed 1n positions different than,
but near to, the planned positions. After placing the sensor, the
survey crew may determine the actual coordinates of the
placed sensor by using a global navigation satellite system
device. The coordinates may be written to a radio frequency
identification (RFID) tag in the sensor. After the survey 1s
conducted, the coordinates may be merged with the acquired
survey data for processing. One or more implementations of
various techniques for in-field configuration of land survey
sensors will now be described in more detail with reference to
FIGS. 1-6 1n the following paragraphs.

FIG. 1 1llustrates a land-based survey data acquisition sys-
tem 100 in accordance with one or more implementations
described herein. The system 100 may include rows 108 of
land survey sensors 105, concentrators 106, a network 101,
and a recording truck 102. The system 100 may be used to
acquire data for an electromagnetic or a seismic survey. As
such, the sensors 105 may be electromagnetic or seismic. For
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the purpose of clarity, the following discussion describes
implementations of various techniques for the seismic survey.

The survey data acquisition system 100 may aim to capture
information about acoustic and elastic energy that propagates
through the subsurface of the survey area. The energy may be
generated by one or more seismic sources (not shown). Inone
implementation, the seismic sources may be vibratory
sources (vibrators). The vibrators may produce a pressure
signal that propagates through the earth into the various sub-
surface layers of the survey area. In this manner, elastic waves
may be formed through interaction with the geologic struc-
ture 1n the subsurface layers.

Elastic waves may be characterized by a change 1n local
stress 1n the subsurface layers and a particle displacement,
which 1s essentially 1n the same plane as the wavelront.
Acoustic and elastic waves may also be known as pressure
and shear waves. Acoustic and elastic waves may also be
collectively referred to as the seismic wavefield.

The structure 1n the subsurface may be characterized by
physical parameters such as density, compressibility and
porosity. A change in the value of these parameters 1s referred
to as an acoustic or elastic contrast and may be indicative of a
change in subsurface layers, which may contain hydrocar-
bons. When an acoustic or elastic wave encounters an acous-
tic or elastic contrast, some part of the waves will be reflected
back to the surface and another part of the wave will be
transmitted into deeper parts of the subsurface. The elastic
waves that reach the land surface may be measured by the
sensors 105. The sensors may measure seismic data, such as
displacement, velocity, and acceleration. Examples of sen-
sors 105 may include geophones, accelerometers, and the
like.

The measurement of elastic waves at the land surface may
be used to create a detailed 1image of the subsurface including,
a quantitative evaluation of the physical properties such as
density, compressibility, porosity, etc. This 1s achieved by
appropriate processing of the seismic data at a data center (not
shown).

The recording truck 102 may receive the seismic data from
the concentrators 106. Each of the concentrators 106 may
route the seismic data from multiple sensors 105 within a row
108 to the recording truck 102 over the network 101. In one
implementation, the network 101 may be a wireless network.

Typically, the appropnate processing of the seismic data 1s
based on the coordinates of the actual positions where the
sensors 105 are placed. As will be explained later in this
document, 1n one implementation, the coordinates are con-
tained within the sensors 105. The coordinates may also be
transierred to the recording truck 102 as described above.

FI1G. 2 1llustrates a close up view of a portion of the land-
based survey data acquisition system 100 1n accordance with
one or more implementations described herein. As stated
previously, the survey crew may place the sensors 103 accord-
ing to a set of positions planned by the survey team. The
planned positions may be downloaded to a handheld device
203. Once placed 1n position by the survey crew, the coordi-
nates of the actual positions where the sensors 105 are placed
may be stored within the sensors 105.

In one implementation, a tool 215 containing a global
navigation satellite system (GNSS) device 212 and a read-
write device 210 may be positioned on top of the placed
sensor 1035. The tool 215 may then be used 1n conjunction
with the handheld device 203 to determine the coordinates of
the actual positions, and send the actual positions to the
sensor 105 for storage.

GNSS may refer to a space-based navigation system, such
as the global positioning system (GPS). Implementations of
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the various techniques described herein may include GNSS’s
such as Glonass, Galileo, Compass, or combinations thereof.

The read-write device 210 may be used to send the actual
position of the sensor 105 upon which the tool 215 1s placed
to the sensor 105. Further, the read-write device 210 may be
used to recerve a serial number of the sensor 105. The serial
number may be used for later processing in determining
whether seismic data from all the sensors 105 1s being pro-
cessed. In one implementation, the read-write device 210 may
be a radio frequency 1dentification (RFID) reader and writer.
RFID 1s an automatic identification method, relying on
storing and remotely retrieving data using devices called
RFID tags or transponders. RFID 1s a two-part system 1nclud-
ing interrogators and tags. The interrogators are also referred
to herein as readers. The readers may be devices that com-
municate with tags to receive information from the tag.

Tags may be passive, semi-passive, or active. In the case of
a passive or semi-passive tag, the reader may also provide
power to the tag. Passive tags require no internal power
source. However, semi-passive and active tags may require a
power source, usually a small battery. The active RFID tags
may include a RFID transceiver, which broadcasts signals to
the reader, and a non-volatile memory. Further, the active
RFID tags may have their own internal power source that may
be used to power 1ntegrated circuits and to broadcast signals
to the reader.

Semi-passive tags are similar to active tags as they have
their own power source, but the battery 1s used just to power
the microchip and not broadcast a signal. The radio frequency

RF) energy may be reflected back to the reader like a passive
tag. A reader may emit radio waves 1n ranges from about one
inch to over 30 meters, depending upon 1ts power output and
the RF used. When a passive tag passes through an electro-
magnetic zone of the reader, the passive tag may detect the
reader’s signal. The reader may decode the tag’s data and
typically, the data may be passed to a host computer for
processing.

The GNSS device 212, read-write device 210 and the hand-
held device 203 are described 1n greater detail with reference
to FIGS. 3-4.

FIG. 3 illustrates a flow chart of a method 300 for config-
uring land survey sensors 105 in accordance with one or more
implementations described herein. The method 300 will be
described with reference to FIG. 2 and FIG. 4. FIG. 4 1llus-
trates a land-based survey data acquisition system 400 in
accordance with one or more implementations described
herein. Further, 1t should be understood that while the opera-
tional flow chart for method 300 indicates a particular order of
execution of the operations, in other implementations, the
operations might be executed 1n a different order. The method
300 may be performed by the handheld device 203, the GNSS
device 212 and the RFID read-write device 210.

At step 310, the handheld device 203 may receive the one
or more planned positions of the sensors 1035. As stated pre-
viously, the survey team may plan the deployment of the
sensors 105 by determining coordinates for each planned
position of the sensors 105. These coordinates may be down-
loaded 1nto the memory 455 of the handheld device 203.

At step 320, the sensors 105 may be placed according to the
planned positions. As stated previously, 1n some circum-
stances, an obstruction may exist at the planned position. If an
obstruction exists at the planned position, the sensor 105 may
be placed at a position different from the planned position.
For example, the sensor 105 may be placed 1n a nearby posi-
tion that 1s clear of obstructions.

At step 330, the actual position of the sensors 105 may be
determined. In one implementation, the GPS module 415
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may be used to determine the actual positions of the sensors
105. In such a case, the survey crew may place the tool 215 on
top of the placed sensor 105. The GPS module 415 may then

communicate with satellites 410 of the GNSS to determine

the tool 215.

At step 340, the actual positions may be sent to the sensors
105. In one implementation, the GNSS device 212 may send
the coordinates of the actual positions to the handheld device
203 via the wireless modules 420 of each device. The actual
positions may be stored 1n the memory 455 of the handheld
device. In turn, the handheld device 203 may send the actual
positions to the RFID read-write device 210 via the wireless
modules 420 of each device.

The RFID read-write device 210 may include an RFID
read-write module 425. The RFID read-write module 425
may mclude an RFID write module that 1s configured to send
the actual positions to the sensors 105.

The sensors 105 may include an active RFID tag 460. The
active RFID tag 460 may include an RFID transceiver 430
and non-volatile memory 435. The RFID read-write module
425 may send the actual positions to the RFID transceiver
430. The RFID transceiver 430 may store the actual positions
in the non-volatile memory 435. Advantageously, because the
RFID tag 460 may have 1ts own power source (not shown), the
RFID transceiver 430 may recetve and store the actual posi-
tions while the sensors 105 are powered off.

In one implementation, the handheld device 203 may also
include the GPS module 415, an RFID read module, an RFID
write module, the RFID read-write module 425, or combina-
tions thereof. In such an implementation, the RFID trans-
ceiver 430 may be configured to receive the actual positions
from the handheld device 203.

In another implementation, additional information may be
sent to the sensors 105 for storage in the non-volatile memory
435. For example, the time of the placement of the sensors
105, the weather conditions, a description of the surface geol-
ogy, and a description of the coupling ofthe sensors 1035 to the
surface may also be sent to the sensors 105. In such an
implementation, a user may enter the information ito the
handheld device 203 via the user intertace 450. Consequently,
the information may be sent to the RFID read-write device
210, and the sensors 105 as described above.

At step 350, the handheld device 203 may receive serial
numbers ol the sensors 105. The serial numbers may uniquely
identify individual sensors. In one implementation, the serial
number for each of the sensors 105 may be contained within
the non-volatile memory 435. In such an implementation, the
RFID-read-write module 425 may be configured to receive
the serial numbers from the sensors 105. In particular, the
RFID read-write module 425 may recerve the serial numbers
from the RFID transceivers 430.

In turn, the RFID read-write device 210 may send the serial
numbers to the handheld device 203 via the wireless modules
420 of each device. The handheld device 230 may store the
serial numbers 1n the memory 455. In one implementation,
the handheld device 203 may build a table that associates the
serial numbers with the actual positions for their correspond-
ing sensors 1035,

The table data may then be sent to the data center for later
processing. In some implementations, the table data may be
sent to a recording truck or camp.

At step 360, the actual positions may be forwarded to the
data center. At step 370, the serial numbers may be forwarded
to the data center. The forwarded data may be used 1n the
processing of the seismic data as described with reference to

FIG. 5.
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FIG. § illustrates a flow chart of a method 500 for process-
ing seismic data 1n accordance with one or more implemen-
tations described herein. The method 500 may be performed
at the data center after the seismic survey has been conducted.
Further, 1t should be understood that while the operational
flow chart for method 500 indicates a particular order of
execution of the operations, in other implementations, the
operations might be executed 1n a different order.

At step 510, the serial numbers may be recerved from the
handheld device 203. At step 520, the serial numbers may be
recerved from the sensors 105. In other words, all the sensors
105 that send seismic data may also send their serial numbers
105. In the event that one of the sensors 105 fails, the serial
number of the failed sensor 105 may not be recerved.

At step 530, the serial numbers from the handheld device
203 and the sensors 105 may be compared. I there are serial
numbers received from the handheld device 203 that are not
recelved from the sensors 105, data {from the sensors with the
missing serial numbers may not have been received.

At step 540, 1f data 1s not recerved from all the sensors 105,
the method 500 may terminate. If at step 540, data 1s recerved
from all the sensors 105, the method 500 continues to step
550.

At step 550, the actual positions of the sensors 105 may be
received. At step 560, the seismic data from the sensors 103
may be received.

At step 570, the seismic data may be processed based on
the actual positions received from the sensors 105. The appro-
priate processing of the seismic data may depend on having
the coordinates for the actual positions where the sensors 1035
are located during the survey. For example, having incorrect
data about the actual positions may result in errors being
introduced into the generated images of the subsurface.

FIG. 6 illustrates a computing system 600, into which
implementations of various technologies described herein
may be implemented. The computing system 600 may
include one or more system computers 630, which may be
implemented as any conventional personal computer or
server. However, those skilled 1n the art will appreciate that
implementations of various technologies described herein
may be practiced in other computer system configurations,
including hypertext transfer protocol (HTTP) servers, hand-
held devices, multiprocessor systems, microprocessor-based
or programmable consumer electronics, network PCs, mini-
computers, mainirame computers, and the like.

The system computer 630 may be 1n communication with
disk storage devices 629, 631, 632, and 633, which may be
external hard disk storage devices. It 1s contemplated that disk
storage devices 629, 631, 632, and 633 are conventional hard
disk drives, and as such, will be implemented by way of a
local area network or by remote access. Of course, while disk
storage devices 629, 631, 632, and 633 are illustrated as
separate devices, a single disk storage device may be used to
store any and all of the program instructions, sensor data,
device data, and results as desired.

In one implementation, seismic data collected from the
land-based survey data acquisition system 100 may be stored
in disk storage device 631. Additionally, data recetved from
the handheld device 203 may be stored 1n disk storage device
632. The system computer 630 may retrieve the appropriate
data from the disk storage devices 631, 632 to process seismic
and device data according to program instructions that corre-
spond to implementations of various technologies described
herein. The program instructions may be written in a com-
puter programming language, such as C++, Java and the like.
The program 1nstructions may be stored 1n a computer-read-
able medium, such as program disk storage device 633. Such
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computer-readable media may include computer storage
media and communication media.

Computer storage media may include volatile and non-
volatile, and removable and non-removable media 1mple-
mented 1n any method or technology for storage of informa-
tion, such as computer-readable 1nstructions, data structures,
program modules or other data. Computer storage media may
turther include RAM, ROM, erasable programmable read-
only memory (EPROM), electrically erasable programmable
read-only memory (EEPROM), flash memory or other solid
state memory technology, CD-ROM, digital versatile disks
(DVD), or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage devices,
or any other medium which can be used to store the desired
information and which can be accessed by the system com-
puter 630.

Communication media may embody computer readable
instructions, data structures, program modules or other data
in a modulated data signal, such as a carrier wave or other
transport mechanism and may include any information deliv-
ery media. The term “modulated data signal” may mean a
signal that has one or more of 1ts characteristics set or changed
in such a manner as to encode mnformation in the signal. By
way ol example, and not limitation, communication media
may include wired media such as a wired network or direct-
wired connection, and wireless media such as acoustic, RF,
inirared and other wireless media. Combinations of any of the
above may also be included within the scope of computer
readable media.

In one mmplementation, the system computer 630 may
present output primarily onto graphics display 627, or alter-
natively via printer 628. The system computer 630 may store
the results of the methods described above on disk storage
629, for later use and further analysis. The keyboard 626 and
the pointing device (e.g., a mouse, trackball, or the like) 625
may be provided with the system computer 630 to enable
interactive operation.

The system computer 630 may be located at a data center
remote from the area of interest. The system computer 630
may be in communication with the sensors 105, and the
handheld device 203 (either directly or via a recording unat,
not shown), to receive seismic and device data. After conven-
tional formatting and other in1tial processing, this datamay be
stored by the system computer 630 as digital data 1n the disk
storage 631, 632 for subsequent retrieval and processing 1n
the manner described above.

While FIG. 6 illustrates the disk storage 631, 632 as
directly connected to the system computer 630, 1t 1s also
contemplated that the disk storage devices 631, 632 may be
accessible through a local area network or by remote access.
Furthermore, while disk storage devices 629, 631, and 632
are 1llustrated as separate devices for storing input data and
analysis results, the disk storage devices 629, 631, and 632
may be implemented within a single disk drive (either
together with or separately from program disk storage device
633), or in any other conventional manner as will be fully
understood by one of skill in the art having reference to this
specification.

While the foregoing 1s directed to implementations of vari-
ous technologies described herein, other and further imple-
mentations may be devised without departing from the basic
scope thereof, which may be determined by the claims that
follow. Although the subject matter has been described 1n
language specific to structural features and/or methodologi-
cal acts, it 1s to be understood that the subject matter defined
in the appended claims 1s not necessarily limited to the spe-
cific features or acts described above. Rather, the specific
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features and acts described above are disclosed as example
forms of implementing the claims.

What 1s claimed 1s:

1. A method for configuring land survey sensors, compris-
ng:

recerving one or more planned positions of the sensors;

determining one or more actual positions of the sensors;

sending the actual positions to radio-frequency 1dentifi-
cation (RFID) transcetvers of the sensors receiving one
or more serial numbers of the sensors from the RFID
transcervers of the sensors forwarding the one or more
serial numbers to a data center using the handheld
device; and

forwarding the actual positions to the data center.

2. The method of claim 1, wherein the actual positions of
the sensors are determined using a global navigation satellite
system.

3. The method of claim 1, further comprising placing the
sensors according to the planned positions.

4. The method of claim 3, wherein placing the one or more
sensors according to the planned positions comprises placing
the one or more sensors 1n one or more positions different
from the planned positions 1f an obstruction exists at the
planned positions.

5. The method of claim 3, wherein the planned positions
are different from the actual positions.

6. The method of claim 1, further comprising sending a
time of the placement of the sensors, a weather condition at
the time, a geology description of a surface at the actual
positions, a description of a coupling of the sensors to the
surface at the actual positions, or combinations thereof, to the
SENSors.

7. The method of claim 1, wherein the sensors comprise
clectromagnetic survey sensors.

8. The method of claim 1, wherein the sensors comprise
SE1SmMIC SUIrvey Sensors.

9. A land acquisition system, comprising:

a plurality of sensors disposed 1n a survey area;

a handheld device for configuring the sensors comprising:

a processor; and
a memory having program instructions configured to
cause the processor to:
receive one or more planned positions of the sensors;
determine one or more actual positions of the sensors;
send the actual positions to radio-frequency 1dentifi-
cation (RFID) transcervers of the sensors while the
sensors are powered off;
receive one or more serial numbers of the sensors
from the RFID transceivers of the sensors;
torward the one or more serial numbers to a data
center; and
send the actual positions to the data center.

10. The land acquisition system of claim 9, wherein the
handheld device turther comprises a global navigation satel-
lite system (GNSS) module configured to determine the
actual positions of the sensors.

11. The land acquisition system of claim 9, wherein the
handheld device further comprises a RFID write module con-
figured to send the actual positions to the sensors.

12. The land acquisition system of claim 9, wherein the
handheld device further comprises a RFID read module con-
figured to recerve the one or more serial numbers of the
SEeNsors.

13. The land acquisition system of claim 9, wherein each
sensor comprises an active RFID tag that 1s configured to
receive the actual positions from the handheld device and to
write the actual positions to a memory of the RFID tag.
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14. The land acquisition system of claim 9, wherein the processing the seismic data based on the actual positions 1f
sensors comprise electromagnetic survey sensors. it 1s determined that the seismic data has been recetved
15. The land acquisition system of claim 9, wherein the from the sensors based on the comparison.

17. The method of claim 16, wherein determining whether

SENSOrs COMprise se1smic survey sensors. e _
5 the seismic data has been received from the sensors com-

16. A method for processing seismic data, comprising:

. . r1ses:
receiving, at a data center, a ﬁr‘st set ol sgrlal numbers o1 ’ determining that the seismic data from all of the sensors
sensors from a handheld device, wherein the first set of have not been received, if the first set of serial numbers
Sj&}rlal pumbers was recew:ed from radio -frequency 1den- does not match the second set of serial numbers.
tification (RFID) transceivers of the sensors while the 18. The method of claim 16, wherein determining whether
sensors were powered off; ' the seismic data has been received from the sensors com-
recetving, at the data center, a second set of serial numbers prises:
of the sensors from the sensors; determining that the seismic data from all of the sensors
comparing the first set of serial numbers with the second set of have been received, 1t the first set of serial numbers
serial numbers: s matches the second set of serial numbers.

19. The method of claim 16, wherein the first set of serial
numbers was received by the handheld device from the RFID

transceivers of the sensors.

determining, using a microprocessor, whether seismic data
has been received from the sensors 1n a seismic survey
area based on the comparison;

receiving actual positions of the sensors; and £ % % kK
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